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(54) METHOD FOR FORMING LOW PERMITTIVITY INSULATING FILM AND 
SEMICONDUCTOR DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
forming a low permittivity insulating film and a 
semiconductor device using the same, which has 
superior capabilities for gap filling and global leveling, 
and has fine bubbles inside the film. tb . 
SOLUTION: A film is formed by providing starting gases, 
such as a silane compound, an oxidant, phenol, a 
benzonic acid or the like, in accordance with a liquid- 
phase CVD method, followed by heat treatment to form a 
low permittivity insulating film 14. Thus, phenol benzonic c«: 
acid or the like is taken into the film leveled by the liquid- 
phase CVD method, which is then evaporated by heat 
treatment to form bubbles with size in the order of nm 
inside the film. Consequently, there is formed a low 




permittivity insulating film having a relative permittivity of 3.0 or below. 
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-c, 

[!S#Sl2] ttGOH&&frr«5*ttft£1«M:. 7 

x/-iu«j:i;«a>R«ME. 

J*«ISl::3l*fl! < ft*SxSf=<»: ijtt«H»E±l=» 
r, 

[grass 4] ttecooH««*i-«9»ifeibMfe 

« - 1 3 K«fl>«m*ieftttBa 

[»JR*5] WES'^iMtttftl*, fcas^Vfl:* 
iStfcSCt £f8#JS 1 £fcl*3f5«OT<£ 

WttlB] mBMftfflttHz 02 ffx, Hz Off* 

M*fl[7j ffrGimft:«tt^a. *&l=7;u*a 
1 *fc 

[I**JS9] M1Btt«3Ea«['tt»fi«*L, bUIB^H 
3. 05ftK7fc«::J:«m£?«MXfli*fctt3C! 



n <t l r rr a c t «tt« t -r 

[»*aiz] ll^3B««)«WMSWKWla>l» 
Hit LX*T * = t tWSJb -r 4*SWHM. 
[ooo i] 

»tit*atfe*T/w*itffl^fc*»»SWI=BL. Stic 

terns. jMe#rs«rafflE±i=**i=»*r* 

L r JlFaBftff tMnMKStUlQW AAA « * tf 

[0002] 

20 C0?fctt¥§#SSiOjlS*ffSSl* 1 / 

K (Ktttt**) OX^r-'J >{fMlc«KL«E<«:y« 

iBi8iisi**ffl±»Bi±tt. m>mmg.*®&&mo>is,m® 
a* -sic eswnfw=j:6iin«uiofliffltf«» 

30 [OOO 31 fcWn&tmt LTI*, 7^iIfS^ 
Bll:* (KITS i OFfcE-T) 

s i ofi*s i -o-s igsro^f K7-^*f)5^- 
•■e*WBrz»ffl-c#*©-ettB*#i-cu*. 

[0 0 0 4] S lOFBlttSttLtlt. ft*«fcyTE 

osj=7?»i|ipt Lr«lx.[*NF3SasjinL-ccvD(Ch 

emicat Vapor Deposition) fm+ZHm (^4 0016 

m^mm-tsnmn (199 3i»#*A) mm? 
mm P 799. mmm^^ .-zv-9) «ex««r$tL 

s i F4 *m*:*7XTl=*y§MLT«W»©B 
IOF«ttW43» (^4 0@lEffl^a^P«ji^§l 

SS^ (19 9 3 iFWM) ajU^^Kl P 76Z,m 

50 i p-zv-D *tffi^**ir^s„ 
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[0 0 0 5] Si F4 tlfij a 

^x^cvDa-ei*, tmmm<3. 4ggros i of 

l^jg&ro? ygMKT-SKlbS' 'J 3 ^*I=SA L J: a t 

■5, ^attract*, ^mx'fsfsimmmizmm^^o 

|=, S I OFH+OTiSBlOTF^HFtT ( NttfElS 
U T i N/*iJ7jf<D®gfe(]<*L<:teTU 

4 3 B&jMra^*ffitx& (1 9 9 6 *mm 

ftSTOKft P 6 7 2 . §|;1t##2 8 o -K- 3 1= 

[0 0 0 63 *fcjSK<0F-¥>HFtl*ia:&*:L^^4,. 

i<y=I>1IS^IC2ffl(0FIS^*g^LfcS i F2 

A^-T^o s i F2 8£i±T££-e=§£Klia*#«L 
■cs i ohS^S^l, ^bic^ma^i^^y^tf 
mm ozwmL-cs f oF*<n*»#^S*iS**# 

U0±JlCfl< s i o FttB«PIBiatBlt 

■icH LTI*. «*tf flfl-fc 5 =i V? *? • K 
til fVUttfU) 1 996^3flfp. 76 

[0007] -7J<0^«Stt^^«nfiS«^«Sfl:|lgi: U 
Tl±, !/nW>Wt*t*WISOG (Spin 

On G I ■ b ■) , iKy-f 5 K. iK'J^^+i'U l/> 

i*. t-c*fi*«tu *fc#^ 

ni**WI*»A-r 4 = tl:t y *48&aMAtt*ft 
TL»4. *6I=, 71/7 (77-f Ki'^JHtWa*) 
**^tt/<-7;U5j-n»«r#'J 4 5 K4>7y4bK'J7 

Tl*. *6l=«iMBW)C-F«*«JiAI=:*y, Hi 

afiBm*J:imttflW&4i4. »*i7?«fwe 

*«, 'J 3 >S&-^> 'J a VRMUR t Q«*ttA<Tft0 

■%p. 1 O 5|::&:fr2Fih.Tl*4. 
[OOOB] C*l6tffltW3. 5aT<DffiS«**T 

Myft3BMmfi*£J:yKtt4U*juaRtt 

iimf=t»8u ufrtfimfftmnss i o 2 «t 

^m^4) , SiON (it^m^4~6) -¥>S i3 N4 

HUB** 6) « ©HHt-S*Lfc*^*6liKl=J: VIA* 
&fc«tifi®«IBettlB£. *Wffi»IA(*«IS!¥ B -■ 1 6 



2 5 2 BfiwsL, *xmtmnaBX±te*xk 

[0009] SfflltlEBttKCIB&r. »me«na> 
If MK<ttt£ LTtt> Ry6?ElflNangfl^S«>&fc 
fcftl=. ;uA6tj is * y n-/<iura*bft 

*fc$rn-/«*¥afcttai*. aBWCDX*-**!** 

10 jeCTradfcfe#fta-«fcLT. £SETE1±«>A 
PL (Advanced Planarization 
Layer) W&t Iff** *l47i£j!><fe4o 

i±ji«**xtLrs i m tHz o 2 mmmm 

ft*o«CaflEI=>W»iLTCVDtJW-=:i:K:j:y, Pflfi 
fcttffitfs i 02 S)«ItStfl)T-fe5„ ¥+9 77 4 

jmb*i=blth:» 7x^5 nt4ga*-ei*ras* 

<. yp- /^uspSfcfclHL-ctti o //mcoisu;*.'*- 

20 *< & > ttJ&g&SSStf 1 0 °ca± i=± jw 4 1 . j&R 
JlLh-C»«*a>J:54*»tffel\ *+v77-f *ISA 

[0010] ;=©«*: APLftffiliritlgJBttl-oi^ 

«*!*&<, ik^m^-e4~5tsoGM, o 3 -te 

OSBiafeft.-efc*o APLR|::***L4*B* 

H***ifcft#«lftftB i oz ^jSKLfctLTt, 
ItBW*!* 3 . 8 aSA^-C fc* . JiifiT?l* APLg 

30 tp\zFis?z®*i,xttwimmz3. 5Sg*-c<63a-r 
[001 13 

L * 5 1 = ro * 5 ftttff »ff« 
fiE-fSTjat LT[*2o(07'7n-^#7L&^ — o 

I* a p Laww * => txmihttmh<im\*&saM m 
40 i^t«m««ii»-4^Tfey, -oi!iini$ 

r-fc^„ **WI4> B9#roAPLiSff?ro^t#jS«cv 

«MtRtWflW4*3*, 6*tfc*i*|f|BllMWtLT 

««KtftWr * - 1 « BHiti. 
[0012] 

50 tfflTffty, AP LBitS(0-i:tjSffiCVD^fflUT 



¥sft£isi±u *&i=Bi*«M::iOTte«»***** 
« z t icj: y <s^m^^ffi-r s - «t * mmto&mt t 

Tmi^fci^-c. c©ib^MSffij£g&i=m^M*Mb£ 
c©oHg£*nr&3f#Si<b£1$!itLTii, ?i/-;u 

feJitf-teDBW*, t7hHl.i3±tf*(lD^*Wffl 

[0 0 13] $fe*Sffl«nefiflHI*««MO»j£ 
BAM-ftfe^CTftttft^'J^SBBB 

is*^*«BWWMi»B«»j»»=i3Lvc\ c 
©<WWft«B*fti=ffli**B*Mfc<r*#xtt, 4>ft< 
£*2/9>3Hfc#*. mtM. e«fctfcooHS£*t 
«3»«Ht£**#fc=:i:*l*»i:-r«. C©COOH 
*t*rt-*3t»«ft**4:L-C(*. 2cJ§.SI8;l3<*:tf*© 
■Bit. *7*U>*^sK>Hfc±tf*ffl«*W##! 

[0014] ^-f*i©ffisii^es»iS<D»^*ai=fi 

-C-^S., *fcWt«fcL-CJ*HJ oz (2iig<b*3t 

ffx-e&y, ^XTtttrciiftixfc©) , H2 o#x 

r«*9«ASft07?X7. fc^tfHz £02 ©Efctf 

#LTtJ:L». j&»*»4fc*»4:LTl*, fh77Wn 
i^U^*©zJH*»±©aft»fl3 34» B1tL?« 
BB£WM*';t h77WPif^fSMitSC 

[0 0 15] £fcL%r*©e»«Bf^B«>«Jft££ 
Cfil'tt, BBBKfcHTHt. M»itSI»-F 
KlWtoo. »SL.<I*1 oMWTI=tl»Uo«3. * 
&l=#*L<H:oWFI=M»L-y3, ■(b^WSffifiES 
t«rt-=tt»«fr*. *W*»*l=fctf«£Bi: 

AW^SSmW-t-So C V Dg*©fSffl[C.fc y , 

= ©B**B»T«¥Bfc*B«***<«»«B»W* 

[0016] #*ia©#Btt£Bi*, *^*sai=«t y 
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[0017] tc^-e. nn»iwft»««^-«««m« 
«»7xni«Dfe#irL»*. ::©Bi±tt«MUf«2. 0 

*3*L«feft. BBOMfftt-MaXBtfOTLt-HTC 

tfKWBt. cvDiHSJctf;=Jh.l::9l*«<B« 

10 ff*LfcB*»JW-* 

[00 18] A P LtSfi5l~fcl*"C!£, ^i/mt^mt 
H2 02 mo>MitM&E.&*1£ZZt\Z l i:V s Titl-* 

**i*.fc J 5lcs i (oh) 2 H2 ^liUft^-rSv S i 

(OH) x H4-x (x!i4BTF©a&8&) mois 1 ?/- 

S i H< +2H2 02 -+ S i H2 (OH) 2 +2H2 
OT 

20 ZS1H2 (OH) 2 ->HOS i H2 ■ OS i H2 OH 

+ H2 or 

& ft * «<M*ttM»A * #1* . - © 
JStt, KftH<feJttlg©H2 o©KJBi£i£#B&*:&S& 
KMBl>KJ&-CfttK nMfiKftL«?«tt. «*©s 
J: 5 f^Wt*. LfcA^t. C©CV 
Dm (BbcvdS) [±, **y?7.r;Mfe*]£?n- 
/ <;u¥S<fcS6* £ ft 1= Bfcf fi£^a t ft 6 . 

[0 0 19] ZOSSfcCVD&tfclvC, + 
30 7^o*-7l?V^fX s -mt UTf h77;l-tnif 

S i H« +ZH2 02 -» S i H2 (OH) 2 +ZH2 

or 

S i H2 (OH) 2 +C2 F2 -+HOS i H2 OCF2 
CHFz 

HOS i Hz OCFz CHFz +S i Hz (OH) z -» 
HOS i Hz OS i Hz OCF2 CHF2 +H2 Ot 

40 • i*n*-*>*Bft(**&4«BWt*ft 

©Hz 0©RB££fi<flft£ft«ttttMBl.tKB-efc 

y. ttX£tf£S4:i^?*i*. fift©ftSfH*Bi*Btt 
©«fc?i=*B-r*. LfcA^r. ^©cvDa&t^.), 

^7 -f »tt*j 7 n -/ t JWHUfcUea ** IcKfcffiliB 
Si:ft<&„ 

[0020] -eSffl L fc^aii, c ©MtK^^R 

B, MHM«DOH»>COOHlt9(ofe3fflE 

50 :ti&OHS«cooHS^-3 
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©8&**t££lS£ iiff > 'J a >i6ft&£ BlSir £ 

> <) =i >mtmw-ft-\zw&zh.tz&m<D 

^©a^fcSLMi^SSE^-Cf&S, fllxtfl 5 0 

°c~2 oo°c©ia«ia£ftjjt.scti=j;y % ccohs 
fr&i^LTfltii&siiH-ttfc*. c©* 

aicLT, nm^-^Sfctflin&f-^^fcitft 

if p -/ <j weibttft ico i^r jSffi c v d a-e fe -5 

[0021] *»ffi©fimiM«Mt8©Ifl£&&l=* 
y ^£;K3EflSSlcSfc£;fnrSigfti/'J a 
m\t. ^©tt£ffi«#*£<®3£^*<«^©T% #x 

m<n c v Dxat)i8iwi=«fiEf -a c t * wsi-eft y , 

g©iBfigxsroa**LM±fri=, 4 o o-egg©* 
^(osss&a^jta^a^tic^y. fi3it!fe©itiiM6i3£l 

[0022] c©*9j=, *9mo>axm**mtmm 

[0023] 

[*91©*tt©l»8] »T, *5EiB<o<sgm^*eaftig 

Cot. H1E£*HLtt«c&Kii]t-«. ST*«8H©te 
B**IMtffi©KliHnM=ft**«^CVDttE© 
-«Mt« *. © 3 l=a«t1KKMFBBH «■ #M L TBMSf 
§ 0 *cVDlttt*.fctttl=l*ttS3©MEcVDBa 
TJfty. cVD^V/<5rtl=UW»B»«1t«l«f 
«3MRXT-i? 2 fi*tf#xlMWR3 3B««filR«*#ir 
t^„ SffiAx-v2liJFiasro^a]^KA>bi?!ji.li7 

RTfig-efe*. Sffi^.-7 L -y2[i^ii*rot-iJ$^L 
TivctJan tfxffittis 3131*5* 9 8ft 

»£ J: TJtO H g«fc£ IM4 C O O H S£*-*-«£«IHbd 

4ibft6*©a&#xett&8HHi 1 icisn+Tisj-Kfft 

*&-r4C<!:A<X'^S„ C;Kb^ffi^4fc£tf;tfX«;i& 
«3*l*. KfMbftftfit|iHfc«l'li;UL&lt,j:3 



l=, i»5ll=(Bi:TSPi»T?#-5t— ^9f(Dfti8ft*R3!(t#Bfi 

ltl'S. *fcKftSflroia@*^i=i±. 'Jt-h^X 

•7K±^g (B**T) «H"CtJ:l\ MtfflV-x 
k. LTH2 O. feSLM*HztOz <fc©;g£:tfx£flffl 

■r*«*i=tt» y^-h^xvsissaicfcyHzo 

^7X7, fc&lM±HZ tOZ t(0g#^?7X7(0 

»T?SttS»ftao £ #X tEft ft 3 tflHW § = t tf-C * 

So 'jt-h^xvjB^Mtttjattroftanftfi, fit 

«M*ato4L*ttv**nMBffl*l^©SSC©* 
10 ©VbJav, Sfc@3ICfc^TI±«ffllSSffil£Di»A» 

«©sibmvm:bb» s *ss-r « . 
[ o o 2 4 ] bd 4 tt*«M©fifiN|*lMKflato«UI 
t»i«-*fc»©cvDKB©-iiMi#it«-rfiwmfB 
ia-efc*„ *cvDB»M5ftsac©w?T*s^XT 

©«fi£SmSP»lcl±ftil©#»i^^^LTfe-l>„ cv 

d^-v v/*5 wici±««Bssffi i £®sir -susses 
20 ss®sm«6i±s*ieT?3&y. seas 

ttl£Mr«fe©©MR¥R, «a.tffc-**t«K* 

*lTfcy. ttfflgg«l£W*l£3 0 0°C~4 0 0°Cfl!> 

i* r f mas s wsmatixts y . 7/-k*s 

©fllJStfcoTl^. H'C < WlRimffi 7 1=1*5/7 V£ft 

4Atgs«**i s c*ibftft«5©s^^*««iaa«[i 

30 7, fe«^ttaUfeMM«*©tlWMIiH^«*K-«- 
4„ 133I^LfcffifficVDgSi:, 04 l=SS US:?? 
XTCVDglt^ 7BA©y-h/^U^«^LTtt 

ssl. ^EcvDsstLrfiijs-r^ii, i&mmm&m 

^-^h©^fi£^^P-b^A<?II6<!:>5:S 0 
SWW«lt=:*i*THS©^l./<*?«hLTa« 

Co o 2 s] ;Mfta©ff»mmtt<M©»j*ft8«« 
*«R««u&©^w«iHi©jin««ii=9ffl Lfc«n© 
40 m&mwattzizmr. 02©*sf*gsi*. 

SSil l-h©TS*6Slg1 2Jil=ttA$jh.feTNBtt2 
K2 2*(=.fc«»l|Bffinfe©nn«fiU»:L 

r. ««n©«iii»tB«Hi©x»)£&ft«afflL«:fij 

Tfife*. f -FP*&ail1 2±I=!*A I msm* 
MtA^Ua>, >BWlM#y*'f K«=**TliK 
«2 1 A<^s£**i. «WI=(&tT = ©TliI!«2 1 
5J:5l=3>^*~^^&3KK©»L^TB«Slfil 3A< 
JBfiE#*tTU4„ »*1 4 f±*3ra©fiBm*IUfttfcB 
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MfitBRi 3 5-HjiL-rA I &&d-<p£*S&i>ya:^ 

cfinfeftw i 5±i=i*hi:< a i m*m+*t6Wj 

jWI=l6i:-c=fl>±IBIB«2 3«-Bia*5fca 

[0 026] B2l=»d*i«»IIK««RI«>¥*»tt1K 

[0027] BIT, ;TOWttm*IMttR0If J*£ 
HB5*#lHL-C*&l=SL<awr*. fcir3*3£Bj3 
[0 0 2 8] Mtfll 

*£SSflll*, coo HS£«t£HNt1teft £ UT^S 
IKBenzoicAdd ; mp = 122. 4 
°C, bp = 2 4 9. 2°C) £ffll*fc«-?fc«. tt«L9S 
S i H4 4 0 

NZ O 10 0 

He 5 0 

ffXEA 1 o o 

1. 0 
3 5 0 

[0 0 3 2] CajJftjiaSSffiS, H3l=*Lfc!*«CV 

U -«tLTT«CVD*frtJ:yTli«Wi*Wt 
(UH1 4^Mx.li8OOnm03Jf* <f££M8fl) |=TS 

c»flw*. jontcDtts^Bii (b) ic*-r„ 

1 (b) ©*Otfiu-ci±. 

SiH4 5 O s c cr 

H2 OZ 2 0 0 s c cr 

(ft*) 2 00 scor 

tfXEA 2 0 0 Pa 

WHi&KiUE 0 °c 

^SSfflCVDIgfCfcOT, HZ Oz (r 



4?«BIBra»»RS»fiSLfc. JHOXHtHi (a) ~ 
(c) t#BLTKWr*. afeHHtfel^-Cft, *f= 

[0029] **tt«-CSffl LfcftSftS&ffitt® 1 
(a) IZS-^cfcdl-s 5FiaS0)MOS h^ZrVX.&mW 

ftU^aifcs i*4>¥**.H&i 1±I=, s i oz « 
10 »6ft«TiltUl 2. A I - 1 %s i 3$Ave>fc.5T 
J§B2*|2 1 . fcJ:tfTlgffi«l2 1 v;nc& 
i 02 VfrgftftTlBftgRl 3OTMt**ifc 

[0 0 3 0] w<DTHSffi»Jg1 2I±. flAtiS i H4 / 
Nz Ol^*X«TEOS/02 S^^S-fflL^fc^ 
XT C V Dtt*f= J: « 5 0 0 n mffll* KJfjft Lfct,» 
■C**. *fcTMEiS®2 1 lt-mt LTA I - 1 MS 

20 ^^©"g-Xg^irC* 0. 2 5«m«7'*>7VKX 
tf5 0 0nrru T'X'*? h tttt 2 "^feS, SfcEl 1 

(a) IC[±jj*LTl>fcl>*<. Hi:»*ia*iR±»=i±Ti 
»tf**LTl*4. *fc. TJBftflKl 3l±T)gSBf£lJg2 

y, lift 5 on m-efcs,, 
[ o o 3 1 ] Tm&mm ^ 3 liffiljLtfB 4 -CM* Lfc¥ 

30 9XTCVDftft|=JtV«BILfc. 



W/cm* (1 3. 56MH z ) 
°C 

3°c, b P = i52-c) fijrtfiea«i*«fty-^-e 

40 YwowcaiA-r*. =»iri=i*a ri±HeWt 
yr^tffli^r**^. *fc^a«aB3i±Ms.tfi 

o O "ClCffcffil L . C Tf 0 y a>»|(| £ BSoh-r 

*. ftfeS i H4 (S i2 Hfi ) ^ffl^T* 

[0 0 3 3] TCtrFlOVmiHIl 4 

«>ft|liI=fi»K«S«a«4>|l|ltt«IRl s^flliia^oo 

ftl-TJS«RIBl 3fl)«»»CfWLfc?7<?cVD 

Sfr-ejcu. *<o*6;i/tsf*y>?$£, soG©xe> 

50 n-^>^5S^nr*T-©75SSSfflL.T ; t.J:L^ 
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[0 0 3 4] -3^(c, ^flkfflStero^msx^tA^o 

mtm^mtm^\t±%s.mmnw%'p-G ^ 5 ot~z 

oo-c, aottgg-cja^ ■£tzZ.o)tmm£5ll&.%W 

str. TH«m«mMta 1 4tft*»A«a 

oo-c. 3 oftm&wmmm&m-t. turszammmx 
mtAT®temw£&®&m 1 4«>rt««fcjsca-3xt 

[0035] H&m3lX^7^(0««lSSte* 0 1 
(c) ««TniSWI*IKimttSi 4*fcIMt 

4*ifc«»i*nm*-y«)««a*«)-e**«)u» ®* 

1 4I±„ ttflMHStfl. 3~2. O^fty. ftJlEfflAP 

±lf r Jtm*e * 6 l=Tif * fc»l=l*. if 7i-;u* 

J^>K^<0C6 H5 (C6 HA ) n COOH (nfig 

1 t i=i£S¥SWMi 6*i * * <o -eft fc„ 

[0 0 3 6] CroftOTXg, -fttrt+nflMlfl 1 5, 
T*fiBW*WMt«1 4»*t/TlMMMHl 3*>£,fc 

^WtlMHEWS i 02 «xt»»>if»tt4:RKBi:-C 

±he«, ±nfi«w. ±ji««m»iMWtt»*tf± 

Mt«ll*«±SLfeTl«Ett, TlgSSJg, TMi&m 

km t =rr «tt*sB*u: cat •sesm^ie^ 

[0 0 3 7] ggjfi#j2 
— JU (mp = 4 0. 8°C bp = 18Z°C) £9fli U 

s 6 \z ? p * v^ft ^ t l TTtf u t v ? 7A- 
itn if u > £ * IzSSim L -Ctigi&Ptfc&ttlB 

t»*Lfcfl-C6y, EtfEM (a) ~ (c) £#BSiL 
TBWW4. c©«WWttW*B<D I** 



#«Kau nrr«H«i**K-f«. 

[003 8] tK'Jt t-^^JUyj-nXf U> (CF3 (C 
FZ ) n CF3 ) (nfigjRft) (*, JtttnSftflt®4* 

7P'J^-H-SS»L. ^^*-V'J77TXt LTCV 

tBJSLL>. TpJfh^Z^UfPxf UVrott&^jfctL 
10 "CI*. CVD^*V/«Wl::(flxl*#^:l»75fl9@#V- 

l±; fflilJz o ottgfLT/li'Jf h77^nxf 

[oo39] Tmiemwmmm u©cv d&#«> 

SiH4 5 0 s c cm 

(*fcttS i 2 He ) 

H2 02 2 0 0 s c cm 

20 7i/-;l/ 20 0 seem 

N2 50 0 seem 

<#y t- i- 5 7;ujt- pif u vro^-v y r #x t l-c) 

7JXEE73 2 0 0 Pa 

MSSSSS 0 °c 

Tff1&Si«*«HtK HfflCVD £#?*.fci3 1(b) 
«*Wl=Sirci3u TIKM*llft*K 1 4*»r=l* 

[0 0 4 0] crosroui (c) ic^-r*ra*e«Pi 5 

30 *a5tS«Hl;fi^Ttt, mXZMcTmmiBMWM 
14ipi:77**liA4*ifewi:l:J:y, Jt^m^A< 

1. 2-2. orogit&^t;. *fc=PA' > y77^;ue6 

40 I*. 71^-*, -P'Jf l-7 7Jl'tPIf 

U>«J;tfHz 02 fcKS#x[=RH-r«::fcl=.fcy. 

*-#V3Rfl:**i: LTl±, c F4 *C2 F6 Sf, 
[004 1] ^Jfe<«3 

T7 1 y - jktfllJB LT<SBB^»jS#ia * fl^fiE L fefifl 
50 -efcy, BtfHi (a) ~ (e) t#HLT»wr*. 
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to 0 4z] *nmmo><&m'mm&&&m<ow>!$.i3mz 

i/7>**lM*$»5 l JUV ! 7:>, fe&lMidtLbWjE* 

w©iv«vtf*j:i\, Tmi&mmmmmwm 1 4<dcv 

(CH3 ) SiH3 50 s c cm 10 

(CH3 ) 2 S i H2 50 seem 

H2 02 200sccm 

7i/-;l- &m ZOO s c cm 

tfXE* 2 0 0 Pa 

ffijfflSSteigg o °c 

[0043] CfOCVDSfrlZfc^T*,, 01 (b) tZ 

5iVf<fcdlc, cVDf£g|£ftfcTfa<£fgm^&it#i£i 
n-AjL^afcjjgaiigB&x^-xrtaKI 1 o // m*-e?E 

#-c-fey. iiS¥afe^iB*fit«-r-sctA<»rei-e$>o 20 

fc„ *«Sfll=6t»-CI*2/«J 3>V-^ t LTTJU+JU 
«fiS»i4<»ya*^ *<DttWl*l*1. 2-2. 003 

[0044] C0«OT@1 (c) KKt-WRIIRlUlt 1 5 
UlSMl^cfctHi. fMRftjratft? ««»**««*■ 30 

[0 0 4 5] Hffi<M4 

*MSHttC00H*«£ta»Mfc«*i: L-CSES 

fey, stfsi (a) ~ ( c ) t#pBLrKwr*. * 

aftW#*HWLM«-r*HMI***-r*. 40 
[0 0 4 6] «KKfl|(DfiBm»«e«WRfl}«*KK«i£l= 

f=. SfcCVDSft LTI*II3l=jRLfc&ECVDg 

^WtoLfctW^ffl^fco £fc#Xi£?j<ffi3l±fii] 
Atfl OOicicHWLf::. TJIttB**e*f*at1 



S i H4 5 0 s c cm 

2 0 0 s c cm 
fca#M 2 00 seem 

uxrnn 200 pa 

0 x: 

[0047] CfflCVD^jllCjiiUU. Ell (b) tz 

S"t"<t 3 r=. c v d radfefcTifmimwMftttH i 

40^->^^;uflg»i*TX'<^ KJt4*-e, Sfc? 
t. ctoswHi (c) icjR-f*nmiuii ejwaxa 

[0 0 4 8] sWlMllcfeHTtt. f»jft#*lfeTlieB 
WMHMt«li 4ttJfcBVWtl. 3-2. OW&BTr 
fey, ^*^7<ji,ffiAii77^ hit 4 ire. Sfc 

*»t» fe y » K«¥a*«H t stfii-r set fe 

■f *fc7xy— jhw-^i— *. 

= *i&<0BW**fflLvc*.fci*. *fcH2 /02 il^tf 

X^XT«»*>yi=» Hz o MUKft) ^7X?Sffl 

a-r « c t i= * y . tsfflftasA y roe^m^*feit#is 
[0049] a±. *%w*4«i)ro*ffiw^j:yp*ffliz 

iBWLfctf. *««l*C;M&MEfll::fir&IK£S*i6t. 
[0 0 5 0] «jtH, OKI, *«^l*COOH»t* 

L>. *fcA I - 1 %s i ftft*&«c6B|*Jf ««« 

*<r Ktffli^-ct*^. :«ntitniiRii« 

#TJ9«. SfciMWttWflDflHSiLrt. Kfg|g±l= 

wc«r l fc#. (s^m^*a^E^ & a agraffes 
lyv^T-f vi/~v a >si K©*±a<¥ai~a 
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[0051] 

'J «Q**{t«W£flHH£.»: < ««+ 4 d Jfc jSTOtt £ * 
[HBOlMttRVI] 

[02] «*no>ttll1|Vtt«WK<0|»i£Sft«. #* 



« c V D ggfl)-«J«« * S-TlRBSISr® B -e fc -5 . 
Cm 4] *3Bl»<Dffiim*IMt{*&a>£Silg£flM-*-* 
fctt®cvDtffi0-fl|i*fl***mKHH-cfc«. 

i-umu 3-*ximhr» 

4-JJXBI, 6-WEMI* 
7-»fl«SL 8-"RF«3i 

1 1 S-TMHUL 1 3-«TJS«S 

1 6™J:IM«W. 1 7~-.fcJ|tt|E«*eititB. 1 8 
K 2 3"±HHEM 



'.nnrF 
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